Purpose: During the last decade laparoscopic approach to perforated peptic ulcer has gained wide acceptance over the traditional open repair on the basis of being an equally efficient and less invasive technique. Methods: 198 patients with perforated duodenal or prepyloric ulcer that were surgically treated from 2003 to 2014 were included in this study. 140 were operated within 2 -6 hours from the onset of symptoms, 55 within 6 -24 hours, and 3 patients after 24 hours. Results: Laparoscopic simple closure with Graham patch was performed in 179 patients. In 19 patients with known chronic ulcer resistant to pharmacologic therapy, who were operated within 6 hours from the onset of symptoms, laparoscopic Taylor procedure was undertaken. Conversion to open repair was necessitated in four patients. The operating time was 40 -100 min for the Graham patch repair and 120 -155 min for the Taylor procedure. During follow-up, 48% of patients from the "Graham patch" group and no one from the "definitive procedure" group had recurrent ulcer. Conclusions: Laparoscopic treatment of perforated peptic ulcer is technically feasible and safe when performed by experienced surgeons. In certain cases more definitive procedures may achieve better long-term results.
Introduction
Peptic ulcer disease (PUD) used to be a major cause of mortality due to related complications. Standard treatment was surgery, which was also associated with significant morbidity and mortality as well as high recurrence rate. Since the advent of proton pump inhibitors (PPIs) and Helicobacter Pylori eradication treatment the role of surgery has been limited to complicated disease. Nevertheless the rate of peptic ulcer perforation has remained stable and continues to represent a major cause of mortality especially in elderly patients with PUD [1] [2] . Laparoscopic as compared to open repair of perforated peptic ulcer (PPU) has been associated with more favorable outcome in several trials [3] [4] . The aim of this study was to present our experience in laparoscopic treatment of PPU using either laparoscopic Graham patch or laparoscopic Taylor procedure (posterior vagotomy and anterior seromyotomy).
Materials and Methods
Permission for the study was obtained from the Institutional Review Boards of the two hospitals in which the study took place. Informed consent was obtained from all individual participants included in the study. The study was performed in accordance with the 1964 Helsinki declaration and its later amendments. 198 patients that were treated laparoscopically for PPU from 2003 to 2015 in two high volume centers comprised the study population. All patients were diagnosed with PPU based on the findings of computed tomography with Gastrografin® (Schering, Berlin, Germany). Risk stratification was undertaken using Boey score (Table 1) [5] . Exclusion criteria included known gastric cancer or positive intraoperative frozen section biopsy, gastric outlet obstruction, bleeding peptic ulcer as well as previous surgery in the upper abdomen.
One hundred and forty patients were operated within 2 -6 hours after the onset of symptoms, 55 within 6 -24 hours, two patients 54 hours and one patient 72 hours after the onset of symptoms. All patients underwent nasogastric aspiration and received cefuroxime and omeprazole preoperatively. Data regarding clinical history, demographics, timing of surgery, type of procedure, operating time, perioperative complications, reason for conversion, analgesic requirements, timing of introduction and transition to oral feeding and duration of postoperative hospitalization was collected in a retrospective manner from patients' records. Follow-up protocol included telephone interviews 
Results
Clinical characteristics of the patient population are presented in Table 2 . In 179 patients laparoscopic closure was performed with Graham patch, by applying two or three interrupted stitches (Vicryl® 2-0 suture) across the perforation site. Nineteen patients with clinical signs of mild peritonitis and history of proven chronic PUD, resistant to antisecretory and H. pylori eradication treatment (at least twice unsuccessful courses), who arrived at the hospital within the first 6 hours after the onset of symptoms, were treated with laparoscopic Taylor procedure [6] . Operative details are also presented in Table 2 . In the first 74 cases from the "Graham patch" group operating time was 60 -100 minutes; gradually the operating time was reduced to 40 -60 minutes in the last 105 cases. In four patients conversion to open surgery was necessitated due to severe inflammation of the surrounding tissues. In these four patients simple closure with Graham patch was performed. All patients underwent nasogastric aspiration for 1 to 3 days (mean, 2 days). Patients resumed liquid diet in 2 -4 days and solid diet in 3 -5 days. Median postoperative parenteral analgesic requirements were 3 doses of pethidine 1mg/kg intramuscularly (range 1 -8 doses). Postoperative hospital stay was 3 -6 days; patients returned to full activity within 15 -25 days postoperatively. Fifteen patients developed early complications. Wound related complications occurred in 8 patients. Pulmonary atelectasis occurred in 7 patients. An 86-year-old male patient, who presented 72 hours after the onset of symptoms, and underwent laparoscopic simple closure of perforated duodenal ulcer, finally died of septic shock in the third postoperative day.
Ninety three out of 179 patients with simple suture and all 19 patients with laparoscopic Taylor procedure were successfully followed up, while the rest 86 patients from the simple suture group were lost to follow-up. Forty five patients with laparoscopic Graham patch had recurrent ulcer at gastroscopy during follow-up (48.4%). On the contrary no patient from the definitive procedure group had recurrent ulcer at gastroscopy during follow-up.
Discussion
PUD is a very common condition with a worldwide incidence of 15% -25% [2] . Peptic ulcer may occur at any age although it is exceedingly rare in children and adolescents. Effective therapies are available nowadays which eliminate the need for elective surgery [7] . These include PPIs and Helicobacter Pylori eradication treatment [8] . Perforation of peptic ulcer is a serious complication that requires emergency attention and management. PPU is treated by closure of the site of perforation. The open repair via laparotomy used to be the standard of care for PPU until last decade. Nowadays laparoscopic approach constantly gains place in the field of PPU management. In 1990 Mouret et al first described laparoscopic sutureless fibrin glue omental patch for perforated duodenal ulcer [8] . In the same year laparoscopic suture repair of PPU was introduced by Nathanson et al. [9] . Since then laparoscopic approach of PPU has gained wide acceptance. Several methods of laparoscopic PPU repair have been described since 1990.
Walsh et al. proposed sealing the perforation with omentum and then performing peritoneal lavage and drainage. The falciform ligament may be used when the omentum is short [10] . Another method that nowadays gains place in the field of laparoscopic repair of PPU is the suture repair. Biopsy of a duodenal ulcer is not necessary, while gastric ulcers necessitate sampling for histological exclusion of cancer. Absorbable or non-absorbable 2/0 or 3/0 sutures are usually used. An omental (Graham) patch is implemented to seal the perforation or otherwise fibrin glue can be applied [11] [12] .
Automatic stapling devices, gelatin sponge or fibrin glue are alternative options to deal with the perforation site. The combination of laparoscopy and endoscopy has been also described [13] [19]. The most important part of the laparoscopic procedure for the repair of perforated ulcer is the peritoneal lavage and drainage which should be done very thoroughly.
The use of about 6 to 10 liters of warm saline is usually recommended while several authors suggest using at least 30 liters. Then the peritoneal cavity is usually drained although some authors advocate against this [20] [27] . In this cohort the operative time for Taylor procedure was compatible with those reported in literature. Other studies have shown that the use of postoperative analgesics is decreased after laparoscopic repair [28] . According to Siu et al. pain was less intense on days 1 and 3 in the laparoscopic repair group [27] . On the contrary, Lan et al. reported same pain intensities in both groups, stating that pain is mainly due to peritonitis rather than the incision itself. Randomized prospective studies have shown that postoperative hospital stay was shorter after laparoscopic repair but there is significant heterogeneity between these studies. Katkhouda et al. suggested that patients undergoing laparoscopic repair with Taylor procedure re-sume normal diet earlier, while other studies failed to show significant differences [14] . Some studies have suggested that laparoscopy is not safe in the presence of prolonged peritonitis, due to higher incidence of postoperative septic complications. These include: postoperative suture leak, pneumonia, intrabdominal abscess formation and external fistula [29] . In this study, we did not encounter major septic complications, with the exception of the aforementioned 86-year old patient who was surely not the most suitable candidate for laparoscopic approach; indeed the decision for a minimally invasive procedure was made upon the severity of the patient's general condition and the fact that the operating team was quite experienced in laparoscopic surgery. Consequently the results of the present study suggest that laparoscopic Taylor procedure is safe and reliable. Preoperative risk factors that should be taken into consideration, according to our experience, include: shock on admission, delayed presentation, severe underlying medical illness, age above 75 years and, of course, poor expertise in laparoscopic surgery.
Conclusion
In conclusion, it is the authors' opinion that laparoscopic treatment of PPU is technically feasible and safe when performed by a surgeon well experienced in laparoscopy. Although laparoscopic simple closure with Graham patch remains the operation of choice in the majority of cases, the experienced surgeon should not hesitate to perform a definitive procedure such as Taylor procedure if indicated. The importance of performing a definitive procedure is indicated by the excellent long-term results reported in this study.
